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The asymmetric unit of the title Co 111 complex, 
[Co(NO 2 )2(C 16 H3 2 N 4 )]ClO4-0.5H 2 O, comprises two complex 
cations, two perchlorate anions and a water molecule of 
crystallization. The Co 111 atoms exist within distorted octa- 
hedral N 6 geometries defined by four N atoms of the 
macrocycle ligand and trctns-N atoms derived from the nitrite 
anions. Systematic variations in the Co— N bond lengths are 
correlated with the presence of intramolecular N— 
H- ■ O(nitrite) hydrogen bonds. In the crystal, water-O — 
H- ■ O(perchlorate) hydrogen bonds, involving one of the 
independent perchlorate anions only, lead to supramolecular 
chains along the fo-axis direction. The three-dimensional 
architecture is consolidated by numerous C— H- ■ O inter- 
actions. The crystal studied was a non-merohedral, racemic 
twin. 

Related literature 

For background to macrocycles and for related structures, see: 
Roy et al. (2006); Hazari et al. (2008). For the synthesis, see: 
Curtis & Hay (1966); Bembi et al. (1984). For additional 
geometric analysis, see: Spek (2009). 
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Experimental 

Crystal data 

[Co(NO 2 ) 2 (C 16 H 32 N 4 )]ClO 4 -0.5H 2 O 

M, = 539.87 

Monoclinic, P2 1 

a = 15.7241 (5) A 

b = 6.8989 (2) A 

c = 20.6600 (8) A 

/3 = 97.196 (3)° 

Data collection 

Agilent Technologies SuperNova 
Dual diffractometer with Atlas 
detector 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2010) 
7mi„ = 0.794, r maI = 1.000 

Refinement 

R[F 2 > 2a(F 2 )] = 0.043 
wR(F 2 ) = 0.135 
S = 1.07 

13634 reflections 
599 parameters 
67 restraints 



Table 1 

Selected bond lengths (A). 



V = 2223.52 (13) A J 
Z = 4 

Mo Ka radiation 
IX = 0.95 mm~' 
T = 100 K 

0.35 x 0.35 x 0.35 mm 



16801 measured reflections 
13634 independent reflections 
12641 reflections with / > 2cr(/) 
R iM = 0.095 



H-atom parameters constrained 
Ap»ax = 0.46 e A~ 3 
A,o min = -0.73 e A~ 3 
Absolute structure: Flack (1983); 

8210 Friedel pairs 
Flack parameter: 0.509 (17) 
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Col-N3 
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Co2-N9 
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Col-N4 
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Co2-N10 
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Col-N5 


1.992 (4) 


Co2-Nll 


1.937 (4) 


C0I-N6 


1.926 (4) 


Co2-N12 


2.009 (4) 



Table 2 

Hydrogen-bond geometry (A, °). 



t Additional correspondence author, e-mail: tapashir@yahoo.com. 
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Symmetry codes: (i) 
x, y + l,z; (v) x- 
-x,y - 5, -z + 1. 


*,y 


-l,z; (li) - 
-l,z; (vi) 


-x+l.y-l 
x — \,y, z; 


-z + 1; (iii) x + 
(vii) -x + l,y 


l,v-l,z; (iv) 
- 1, -z; (viii) 



Data collection: CrysAlis PRO (Agilent, 2010); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997) and DIAMOND (Brandenburg, 2006); 
software used to prepare material for publication: publCIF (Westrip, 
2010). 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HB6448). 
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^ra/is-(5,7,7,12,14,14-Hexamethyl-l,4,8,ll-tetraazacyclotetradeca-4,ll-diene- 
«: 4 A r ^V'y'V''y'V"')bis(nitrito-/cA')cobalt(III) perchlorate hemihydrate 

T. G. Roy, B. C. Nath, K. Begum, S. W. Ng and E. R. T. Tiekink 
Comment 

The title complex, (I), was investigated as a part of continuing studies into the biocidal potential and structural properties 
of macrocyclic metal complexes (Roy et al. 2006; Hazari et al, 2008). 

The asymmetric unit of (I) comprises two independent complex cations, two perchlorate anions and a water molecule of 

crystallization, Fig. 1 . The Co 111 atom is coordinated by the four nitrogen atoms of the macrocycle and two nitrogen atoms 
derived from the nitrite anions. The resulting Ng coordination geometry is based on an octahedron. The Co — N distances 
span a relatively narrow range, i.e. 1.926 (4) to 2.009 (4) A, Table 1. The shortest and longest Co — N distances involve 
Co — N(nitrite) bonds, and it is notable that one Co — N(nitrite) bond is systematically longer than the other in each complex 
cation. This feature of the bonding is readily explained by the presence of intramolecular N — H - O(nitrite) hydrogen bonds, 
Table 2. In each complex cation, one nitrite group (i.e. N5- and N12-) is orientated to optimize the formation of N — H-0 
hydrogen bonds as each nitrite-O atom is aligned with an amine-H atom, which lie to the same side of the C0N4 plane. 
The relative lengthening of the Co — N5, N12 bonds compensates for the weakening of the respective N — O bonds. Only 
small differences in the molecular structures are manifested: the r.m.s. deviations in bond distances and angles are 0.0132 
A and 0.928°, respectively (Spek, 2009). In terms of conformations, a small difference in the relative orientations in the 
nitrite anions is noted. Thus, for the Col complex, the dihedral angle formed between these is 55.1 (4)° which compares 
to 62.6 (4)° in the Co2 complex. 

In the crystal packing, the water molecule of solvation bridges two Cll -perchlorate anions, forming donor O — H--0 
interactions, Table 2. The result of this hydrogen bonding is the formation of supramolecular chains along the b axis com- 
prising alternating water molecules and Cl-perchlorate anions. The water-0 atom exists in a pocket of C-bound hydrogen 
atoms and the closest C — H--O(water) contact is weak, Table 2. The remaining intermolecular interactions are of the type 
C — H - O, Table 2, which serve to consolidate the three-dimensional architecture, Fig. 2. Globally, the crystal structure 
comprises layers of complex molecules in the ab plane comprising alternating rows of Col - and Co2-containing complex 
molecules. Interspersing layers of complex cations are alternating layers comprising the Cll -perchlorate anions and water 
molecules or C12 -perchlorate anions. 

Experimental 

The macrocycle, L, (Curtis & Hay, 1966) and precursor complex (Bembi et al, 1984) were prepared as described in the 
literature. Sodium nitrite (0.069 g, 1.0 mmol) and fraw-[CoLCl2](C104) (0.252 g, 0.5 mmol) were suspended in methanol 
(20 ml). After heating the mixture on a water-bath for 1 5 minutes, the yellow solution was filtered while hot. The filtrate was 
concentrated on a water bath until crystallization commenced. After cooling, the yellow product fra«s-[CoL(N02)2](C104) 
was filtered off, washed with dry ethanol, followed by diethyl ether and finally dried in vacuo. Af.pt. 495-497 K. Yield 
76.2%. FT— IR (KBr, cm" 1 ): 3120 (s, vN-H); 1649 (s, vC=N); 1079, 622 (versus, vC10 4 ); 519 (s, vCo-N); 117 5(m, vC— C); 
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2920 (vw, vCH); 1380 (s, VCH3); 1396 (versus, V aS y n $iO'i); 1310 (versus, v sym N02). Orange blocks of the title hemihydrate 
were prepared by slow evaporation of its acetonitrile and ethanol (1:1) mixture. 

Refinement 

The N- and C-bound H-atoms were placed in calculated positions (N — H = 0.88 A and C — H = 0.98-0.99 A) and were 
included in the refinement in the riding model approximation, with £/j S0 (H) set to 1.2£/ e q U j v (N,C). The water-H atoms were 
located from a difference map, fixed in these positions are refined with (7i S0 (H) = 1.5C/ e q U iv(0). Several of the atoms (i.e. 
N4, N5, N7, C2, C5, CI, C9, C10, Cll, C12 and C29) exhibited large displacement parameters and these were refined to be 
nearly isotropic with the ISOR command in SHELXL97 (Sheldrick, 2008). The crystal is a non-merohedral, racemic twin. 
The two twin domains were separated by the diffractometer software and the intensities were integrated simultaneously; the 
two domains were scaled separately. The proportion of the twin domains refined to 0.644 (1): 0.356 (1). The Flack parameter 
refined to 0.509 (17) from 8210 Friedel pairs, i.e. the crystal is a racemic twin. 



Figures 




Fig. 1. The molecular structures of the components comprising the asymmetric unit of (I) 
showing displacement ellipsoids at the 50% probability level. 



Fig. 2. A view in projection down the b axis of the unit-cell contents of (I) showing the altern- 
ating layers of complex cations and anions stacking along the c axis. The O — H-0 (largely 
obscured) and C — H - 0 interactions are shown as blue and orange dashed lines, respectively. 



frans-(5,7,7,1 2,1 4,1 4-Hexamethyl-1, 4,8,1 1-tetraazacyclotetradeca-4,11- diene-K 4 N,iV',iV ll ,iV lll )bis(nitrito- 
KiV)cobalt(lll) perchlorate hemihydrate 



Crystal data 

[Co(NO 2 )2(Ci6H32N4)]ClO4-0.5H 2 O 

M,.= 539.87 

Monoclinic, P2\ 

Hall symbol: P 2yb 

a = 15.7241 (5) A 

b = 6.8989 (2) A 

c = 20.6600 (8) A 

(3 = 97.196 (3)° 

V= 2223.52 (13) A 3 
Z=4 



F(000) = 1132 

D x = 1.613 MgnT 3 

Mo radiation, X = 0.71073 A 

Cell parameters from 7862 reflections 

6 = 2.2-27.5° 

H = 0.95 mirT 1 

T= 100 K 

Block, orange 

0.35 x 0.35 x 0.35 mm 
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Data collection 

Agilent Technologies SuperNova Dual 

diffractometer with Atlas detector 

Radiation source: SuperNova (Mo) X-ray Source 

Mirror 

Detector resolution: 10.4041 pixels mm" 1 
co scan 

Absorption correction: multi-scan 
(CrysAlis PRO; Agilent, 2010) 
T min = 0.794, T max = 1.000 
16801 measured reflections 

Refinement 
Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.043 

wR(F 2 ) = 0.135 
S= 1.07 

13634 reflections 
599 parameters 
67 restraints 

Primary atom site location: structure-invariant direct 
methods 



13634 independent reflections 

12641 reflections with / > 2o(I) 
R int = 0.095 

Qmax = 27.6°, 9 m i n = 2.2° 

h = -20^20 
£ = -8^8 
/= -25^26 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = 1/[g 2 CF 0 2 ) + (0.0839P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.001 

Apmax = 0.46 e A~ 3 
Ap m i„ = -0.73 e A~ 3 

Absolute structure: Flack (1983); 8210 Friedel pairs 
Flack parameter: 0.509 (17) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > ciF 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



Col 
Co2 
Cll 
C12 



0.51998 (3) 
0.01422 (3) 
0.77354 (7) 
0.27764 (7) 



y 

0.49995 (7) 
0.97924 (8) 
1.47781 (19) 
1.43839 (17) 



0.24819 (3) 
0.25404 (3) 
0.03181 (5) 
0.49275 (6) 



II- *ITJ 
^iso ' ^eq 

0.00692 (12) 
0.00800 (13) 
0.0185 (2) 
0.0174 (2) 
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0.9800 


05— Nil 




1.236 (5) 


C16— H16C 
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— oy.i (4) 


XTC Z" 1 ,-. 1 XTT /""l 

JN j — CO 1 — JN Z — C 3 


1 no i /i\ 
-lUo.3 (3) 


pi XT"> Z" 1 ! P /] 

CZ — JN Z — C3 — C4 


CO c /c\ 
—35.3 (3) 


XT/C Z" 1 ,-. 1 XTl Z^*7 

JN o — Co 1 — JN 3 — C / 


1 A 1 C\ ( A\ 

— iui.y (4) 


p„ 1 XT"> Z" 1 ! P /] 

Co 1 — JN Z — C3 — C4 


1 £Q A /1\ 

100.4 (3) 


XT'") Z^ 1 ,. 1 XTl ( ' *7 

JN Z — C 0 1 — JN 3 — C / 


-9.8 (4) 


p-) XT") /"! P/C 

CZ — JN Z — C3 — Co 


1 "71 1 ^1\ 

— 1 /3.3 (3 J 


XT A Z^~ 1 XTl f^l 

JN4 — Col — JN3 — C / 


loo.Z (4) 


p„i XT") z' ' 1 f^(L 

CO 1 — JN Z — C3 — Co 


33.0 (4 ) 


XTC z^r.1 XTl f^l 

JN j — CO 1 — JN 3 — C / 


"70 A 

/o.U (4 J 


XT") z^l / p-7 

JNZ — C3 — Co — C / 


£A Q /C\ 

— O4.o (3 J 


XT£ p „ 1 XTl z^n 

JN 0 — CO 1 — JN 3 — CV 


o/i n n\ 
o4.y (3) 


pc pq p /; p-7 

C D — C3 — Co — C / 


CA C /C\ 

3y.3 (3) 


XT') p „ i xti rn 
JNZ — Col — JN3 — Cy 


1 T7 1 /"3\ 

177.1 (3) 


P A PQ P/T p-7 

C4 — C3 — Co — C / 


1 *7A ">/■/! \ 

1 /y.z (4) 


xt a z" 1 ^ 1 xti r^n 
JN4 — Col — JN3 — Cy 


£ A /l \ 

-6.9 (3) 


pn XTl PT p/r 

Cy — JN 3 — C / — Co 


1 1 A O //lA 

1 /4.0 (4) 


xtc z^^vi xti rn 
JN j — Co 1 — JN 3 — Cy 


AC 1 /1\ 

—yj.Z (3) 


P„ 1 XTl P"7 P/T 

Col — JN3 — C / — Co 


Z.U (o) 


XT£ r „ 1 XT /I pin 

JN o — Co 1 — JN 4 — C 1 U 


/;i i /i\ 
— o3.3 (3) 


pn xti p-7 po 
Cy — JN 3 — C / — Co 


-4.2 (6) 


XTl Z" 1 ^-. 1 XT /I pin 

JN 3 — Co 1 — JN 4 — C 1 U 


T7 A /1\ 

27.9 (3) 


p„ 1 XTl p-7 PO 

CO 1 — JN 3 — C / — Co 


-1 / /.0 (3) 


XT1 1 XT /I pin 

JN 1 — COl — JN4 — C1U 


1 C/1 1 /1\ 

— 1D4.3 (3) 


p-7 p /; p-7 XTl 

C3 — Co — C / — JN3 


36.4 (6) 


XTC Z" 1 ^ 1 XT /I pin 

JN 3 — CO 1 — JN 4 — C 1 U 


1 1 /Z A /1\ 

llo.U (3) 


P "J P/T p-7 PO 

C3 — Co — C / — Co 


— 142.6 (4) 


XT/i p„ 1 XT /I PI 1 

JN o — CO 1 — JN 4 — C 1 1 


T) 1 /1\ 

72.3 (3) 


p-7 xti pn pm 
C / — JN 3 — Cy — C 1 U 


1 nr\ £. {a \ 
1 /0.6 (4) 


XTl p ^ 1 XT /I PI 1 

JN 3 — CO 1 — JN 4 — C 1 1 


1 ZCl C /1\ 

lo3.D (3) 


p^ i xti pn pm 
CO 1 — JN 3 — Cy — C 1 U 


|r r / A\ 

-15.6 (4) 


XT 1 p „ 1 XT A PI 1 

JN 1 — CO 1 — JN 4 — C 1 1 


1 O £ (1 \ 

-lo.o (3) 


pi i xt/1 pin pn 

C 1 1 — JN 4 — C 1 u — cy 


1 /9.9 \i) 


XTC p „ 1 XT /I PI 1 

JN j — Co 1 — JN 4 — C 1 1 


1 AO A /1\ 

— lUo.4 (3) 


p „ i xt/1 pm p n 
Co 1 — JN 4 — C 1 U — Cy 


-41.9 (4) 


XTl p _ 1 XTC /\1 

JN3 — Col — JN5 — 02 


1 A 1 A ^ 

-101.9 (3) 


XTl PO P 1 A XT A 

JN 3 — C9 — C 1 0 — JN 4 


37.1 (5) 


Nl— Col— N5— 02 


78.1 (3) 


CIO— N4— Cll— C12 


62.9 (4) 


N2— Col— N5— 02 


-7.0 (3) 


Col— N4— Cll— C12 


-70.2 (4) 


N4— Col— N5— 02 


173.6 (3) 


CIO— N4— Cll— C13 


-60.8 (4) 


N3— Col— N5— Ol 


74.7 (3) 


Col— N4— Cll— C13 


166.0 (3) 


Nl— Col— N5— Ol 


-105.3 (3) 


CIO— N4— Cll— C14 


-175.7(3) 
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\n p^ 1 \Tf ( \ i 
JN 2 — Co 1 — JN j — <J 1 


1 z;a /c /i \ 
loy.o (3) 


„ i xt/1 n i /~i i /i 
Col — JN4 — CI 1 — C14 


C 1 O (A \ 

51.2 (4) 


XT /I f^r^W XTC \ 1 

JN4 — Col — JN J — Ol 


fl O 

-9.8 (3) 


xt/1 n i f^~\ a n c 
JN4 — Cll — C14 — CI j 


£C & t 'C\ 

-0J.0 (J) 


XTI Z" 1 ^ 1 XT£ Z~i/1 

JN 3 — CO 1 — JN 0 — <J4 


OA fl fA\ 

— zu.y (4) 


ClZ — Cll — C14 — CI j 


CO A /C\ 

Jo.U (J) 


M i p _ i xt/: pi /i 

JN 1 — Co 1 — JN o — <J4 


1 ca i 
ijy.i (4) 


nn n i a nc 
C13 — Cll — C14 — CI j 


1 OO O fA\ 

1 /o.Z (4) 


XTO / ' 1 XT/: pi /) 

JNZ — Col — JN o — <J4 


— 11D.5 (3) 


i xt i n; Z^1zC 

CI — JN 1 — CI j — Clo 


O 1 ZZC\ 

-7.1 (6) 


XT /I f \^ 1 1\J£. C\A 

JN4 — COl — JN o — <J4 


o3.o (4 J 


P „ 1 XT 1 PI f f 1 £ 

COl — JN 1 — CI j — Clo 


1 on 1 *"3\ 
1 /y.i (3 ) 


XTI Z" 1 ^ 1 XT£ r\i 

JN 3 — CO 1 — JN o — U3 


1 CO A 

IDO.U (3) 


p 1 XT 1 p|f PI y| 

CI — JN 1 — CI j — C14 


1 OO 1 Z"/l\ 

1 /Z.l (4) 


XT1 f^n 1 XT£ Ml 

JN 1 — Col — JNo — <J3 


— ZZ.U (3 J 


P „ 1 XT | pi f p 1 A 

COl — JN 1 — CI J — C14 


-1.8 (6) 


XTO Z" 1 ,-. 1 XT/i M 

JN Z — C 0 1 — JN o — (J 3 


03.1 (4) 


P| | pi /| p| f XT 1 

Cll — C14 — CI j — JN 1 


/lO 1 ZZC\ 

4Z.1 (o) 


XT /I Z" 1 ,-. 1 XT/i Z~\0 

JN4 — Col — JN o — U3 


—11 l.o (3) 


PI i pi /i pi r pi/: 

Cll — C14 — C1j — Clo 


1 1 O O //I \ 

— 13o. / (4) 


xti 1 r^o xt~7 1 
JN 1 1 — COZ — JN / — C3 1 


no c 
yo.j (4J 


pi 1 XT*7 P 1 -7 PI O 

C31 — JN / — CI / — Clo 


1 £0 0 (A \ 

— loo.o (4 ) 


XTO f O XTO f 1 1 

JNo — COZ — JN / — C31 


1 *7A 1 (A \ 
— 1 /U.l (4) 


p „ O XTT P17 p| o 

COZ — JN / — CI / — Clo 


1 C A /C\ 

15.4 (5) 


XT1A f,^^) XTO n I 

JN 1U — COZ — JN / — C3 1 


C 1 (A \ 

6.7 (4) 


Pin XTO PI O P 1 *7 

ciy — JNo — Clo — CI / 


1 OO 1 Z/1 \ 

1 /o.l (4) 


XT1 O /"^O XTO 1 

JN Iz — COZ — JN / — C3 1 


0 1 1 (A \ 

— ol.l (4) 


p „ ^ XTO PI O P 1 *7 

Coz — JN o — C 1 o — C 1 / 


1 O O (A \ 

3o. / (4) 


XT 1 1 XT*7 Z" 1 1 *7 

JN11 — COZ — JN / — CI / 


Oz: O /"3\ 

— 00. Z (3) 


xn pn PIO XTO 

JN / — CI / — Clo — JNo 


1 A O /C\ 

-34.0 (J) 


XTO XT*7 1 

JNo — COZ — JN / — CI / 


C O (1 \ 

5.2 (3) 


pi o xto pm poo 
C 1 o — JN o — C 1 y — CzZ 


1 OO A //1\ 

1 /Z.U (4) 


xtia c ,»^> xto rn 
JN 1U — CoZ — JN / — CI / 


1 *70 A (1 \ 

—\ /o.U (3) 


p„o xto pm poo 

Coz — JN o — c l y — CzZ 


CI O //1\ 

-53.2 (4) 


XT 1 o r^~"i XT*7 /~i 1 O 

JN Iz — Coz — JN / — CI / 


A/1 O 

y4.Z (3) 


Pio xto pm r'i 1 

C 1 o — JN o — C 1 y — Cz 1 


A /C\ 
— 00. U (J) 


XTO / • 1 XTO pio 

JN V — COZ — JN 5 — C 1 o 


1 CO O 

l!)0.o \5) 


p , , ~v x.TO Pin po 1 

Coz — JN o — c l y — Cz l 


ziO O /C\ 

00.0 (J) 


XT1 1 „ O XTO Z" 1 1 O 

JN 1 1 — COZ — JN o — C 1 o 


oo. o (3) 


pi o xto pm pin 
C 1 o — JN o — C 1 y — CzU 


C/1 zi /C\ 

J4.0 (J) 


XT*7 Z" 1 ^.') XTO n o 

JN / — COZ — JN 0 — C 1 o 


OC 1 

-25.1 (3) 


p^o XTO pin Z^OA 

coz — jn o — c i y — CZU 


1 *7A (1\ 
— 1 /U.O (3 J 


XT 1 O Z~^0 XTO no 

JN 1 Z — COZ — JN 0 — C 1 0 


in 1 z"5\ 
— 11Z.1 (3) 


XTO Pin PTl PT] 

JN 0 — C 1 V — CzZ — CZ3 


1 o /c\ 
Ol.O (J) 


xtq f\»o xtq pin 
JN y — COZ — JN 0 — c i y 


00 1 

ZZ. 1 (4) 


po i p i n z^oo ni 

cz i — c i y — czz — cz3 


/r 1 A /CA 

— ol.U p J 


xtii „ o xto nn 
JN 1 1 — COZ — JN 0 — C 1 y 


'TA 1 

— /U.l (4) 


poa pm p ■> ■> poi 
CzU — C 1 y — CzZ — Cz3 


1 OA H ( A \ 

1 /y. / (4) 


xt*7 z^-^o xto nn 

jn / — coz — jn o — c i y 


1/^1 0 \ 

— 101 -O (4 ) 


Z" 1 0 C XTA Z" 1 0 1 Z" 1 o o 

CZj — JNy — CZ3 — CZZ 


1 11 Q ( A\ 

— 1 /3.0 (4 ) 


xt 1 o z~^o xto nn 
JN 1 Z — COZ — JN 5 — c l y 


111 O fA\ 

1 1 1 .1 (4) 


p„o XTn p~> i z^oo 
COZ — JNy — C23 — CzZ 


1 c /o\ 

-1.5 (7) 


xti 1 „ o xta ni 
JN 1 1 — COZ — JNy — C23 


AA 1 

yy.i (4) 


p ~> C XTn PT] po /I 

Czj — JNy — Cz3 — Cz4 


O 1 { c\ 

2.1 (6) 


xto /" ~* , v ~> xta ni 
JNo — COZ — JNy — C23 


7.4 (4) 


p „ O XTn PT] po /I 

COZ — JNy — C23 — Cz4 


1 HA A /"3\ 
1 /4.4 (3) 


XT1 A Z^^.1 XTA f ">1 

JN 1U — CoZ — JNy — Cz3 


1 zi A 1 Z"/1 \ 

— loy.i (4) 


Pin p -> -> piTi XTn 

c i y — Czz — cz3 — jn y 


-35.8 (6) 


XT 1 o P„0 XTA ni 

JN Iz — COZ — JNy — Cz3 


0 1 1 (A\ 

-81.3 (4) 


Pin z^oo rn po /i 
C ly — CzZ — Cz3 — Cz4 


148.U (4) 


xti i „ o xta nc 
JN 1 1 — COZ — JNy — Cz J 


OO 1 

-oo.l (3) 


p -> "j XTn p "> C p -> /; 

Cz3 — JNy — CZD — Czo 


i an n (a \ 

— 16/. y (4) 


xto p^o xta nc 
JNo — COZ — JNy — CZJ 


1 *7A O (1 \ 

—l /y.o (3) 


p „ O XTn PTC p ^> /: 

Coz — JN y — Cz j — Cz o 


18.6 (5) 


xt 1 n z~^o XTn nc 
JN 1U — CoZ — JNy — CZj 


3.4 (3) 


POO XT 1 A p T /: POC 

Cz / — JN 1U — Czo — Czj 


i /y.4 (4) 


xt i o p„o XTn nc 
JN Iz — COZ — JNy — CZJ 


A1 C (1\ 

91.5 (3) 


p , , ~» xt 1 r\ po/ poc 

Coz — JN 1U — Czo — Czj 


AC\ A i A \ 

4U.4 (4) 


XTfl f ' ,^~) XT1fl /' •">/' 

JNy — COZ — JN 1U — Czo 


-25.1 (3) 


XTA PTC p ~) /: XT1A 

JNy — Czj — Czo — JN 1U 


—38.2 (5) 


XT 11 Z" 1 ,t. O XT 1 A f ""> 

JN 1 1 — CoZ — JN 1U — CZO 


oo. y (3 j 


p-) A XT1A PO"7 P T A 

CZO — JN 1U — CZ / — C3U 


1 /2.4 (4 j 


XT*7 Z~^0 XT 1 fl POzC 

JN / — COZ — JN 1U — Czo 


1 CO O 

IDO.O (3) 


p^o xt 1 a poo pm 
COZ — JN 1 U — Cz / — C3U 


-53. U (4) 


XT 1 O /' •'"> XT 1 fl / • T /" 

JN IZ — COZ — JN 1U — Czo 


1 1 /I C 

— 114. D (3) 


p-> /; x.T1 A POO POO 

Czo — JN 1U — Cz / — Czo 


-65. / (5) 


XTfl f ,^~) XT1A r"T7 

JNy — COZ — JN 1U — Cz / 


1 £1 A /"3\ 

-10Z.4 (3) 


p^O XT1A POO POO 

COZ — JN 1U — Cz / — CZO 


68. V (5) 


XT 11 /'•,,") XT1fl 

JN 1 1 — COZ — JN 1 U — CZ / 


*7A C Z'l'l 

— /U.J (3 ) 


p -> A XT1 A PO"7 POA 

czo — jn iu — cz / — czy 


ZA A fZ\ 

54.4 (5 ) 


xto z~^o xt 1 fi roi 
JN / — COZ — JN 1 U — CZ / 


zl.j (3) 


p^O XT 1 A POO POA 

coz — jn i u — cz / — czy 


1 /l.U (3) 


XT10 „ O XT1fl 

JN IZ — COZ — JN 1U — Cz / 


1 AO O 

lUo.Z (3) 


XT1A POO pm pi | 

JN 1 U — CZ / — C3U — C3 1 


62.2 (5) 


XTfl /" ' , x "> XT1 1 Z"\ C 

JNy — COZ — JN 1 1 — <J J 


1 C£ 1 

— 1jo.3 (3) 


poo poo pm p "i 1 
CZO — CZ / — C3U — C3 1 


—61. / p) 


XTO P "> XT 1 1 Z"VC 

N7 — Co2 — N 1 1 — 05 


23.3 (3) 


POA p n Plfl PT 1 

C29 — C27 — C30 — C3 1 


-179.5 (4) 


N8— Co2— Nil— 05 


-61.7(3) 


CI 7— N7— C31— C32 


2.9 (7) 


N10— Co2— Nil— 05 


118.2 (3) 


Co2— N7— C31— C32 


178.0 (3) 


N9— Co2— Nil— 06 


24.7 (4) 


CI 7— N7— C31— C30 


-175.4 (4) 


N7— Co2— Nil— 06 


-155.7 (3) 


Co2— N7— C31— C30 


-0.3 (7) 


N8— Co2— Nil— 06 


119.3 (3) 


C27— C30— C31— N7 


-36.5 (7) 
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N10— Co2— Nil— 06 -60.8(3) C27— C30— C31— C32 145.1 (4) 

Hydrogen-bond geometry (A, °) 



D—H-A 


D — H 


R-A 


D-A 


D—H-A 


N2— H2-02 


0.88 


2.02 


2.718 (5) 


135 


XT/1 UA...r\'\ 
IN 4 n't Vl 


U.oo 


L.\)L 


T 718 fc\ 

L. 1 Lo yp) 


1 


N8— H8-07 


0.88 


2.04 


2.744 (5) 


136 


N10— H10-O8 


0.88 


2.03 


2.732 (5) 


136 


OIW— H1W-09 


0.85 


2.24 


2.907 (7) 


135 


01W— H2W-O10' 


0.85 


2.34 


2.988 (7) 


134 


CI— HlA-06 


0.99 


2.46 


3.428 (6) 


166 


C6— H6B-013" 


0.99 


2.45 


3.426 (6) 


169 


C8— H8A-02' 


0.98 


2.53 


3.352 (6) 


141 


C8— H8C-07"' 


0.98 


2.58 


3.549 (6) 


169 


C9— H9A-01' 


0.99 


2.53 


3.441 (6) 


153 


CIO— H10A-O1W' 


0.99 


2.59 


3.115 (8) 


114 


CIO— H10A-O10' 


0.99 


2.59 


3.256 (6) 


125 


CI 6— H16A-03 iv 


0.98 


2.46 


3.384 (6) 


157 


C16— H16B-06 


0.98 


2.53 


3.329 (6) 


138 


C17— H17B-07' 


0.99 


2.59 


3.426 (6) 


142 


C18— H18B-O10 v 


0.99 


2.53 


3.230 (6) 


128 


C20— H20A-O12 vi 


0.98 


2.57 


3.424 (7) 


145 


C21— H21B-012™ 


0.98 


2.57 


3.535 (6) 


167 


C24— H24A-06 iv 


0.98 


2.53 


3.401 (6) 


148 


C25— H25B-03 iv 


0.99 


2.47 


3.421 (6) 


161 


C26— H26B-015 


0.99 


2.37 


3.262 (6) 


149 


C28— H28B-014' 


0.98 


2.56 


3.264 (6) 


129 


C32— H32B-014™ 


0.98 


2.45 


3.384 (6) 


159 



Symmetry codes: (i) x,y-\,z; (ii) -x+\,y~3/2, -z+1; (iii)x+ l,y-l, z; (iv) x,y+\,z; (v) x—\,y—\, z; (vi) x-l,y, z; (vii) -x+\,y-\ll, 
-z; (viii) -x,y-U2, -z+1. 
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